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Complete set of fluctuation relations for a simple fluid in the «VT ensemble.
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The thermodynamic forces X; conjugate to the fluctuations x; are defined by
¢ & Xi=— =) ZuXi (3.10)

By analogy with Hooke’s law for harmonic springs, the X; act as ‘restoring
forces’, tending to return the system to the thermodynamic equilibrium state
of maximum entropy. In fact, as will be shown in part IV of this book, the
thermodynamic forces control the entropy production during the relaxation (or
regression) of spontanecous thermal fluctuations.

Statistical averages of fluctuating variables, weighted with the probability den-
sity (3.9), are casily evaluated by momentarily considering a modified distribution
that produces non-zero (x;), 1.c. using the identity

oo {00 l
a‘/jqU dx;... . dx,x; exp [—5’; Zg,-,-(x; - x?)(x, ——xf):l == x? (3.11)
Ly >(
valid for any x. Differentiating both sides of this equation with respect
‘and then setting all the x? equal to zero, onc arrives at the desired result
(x; X;) = — <ZR;‘&X.I&> = —kgdi; (3.12)
k
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TABLE 8.1. Green- Kubo relations for the transport coefficients in the form of Eqn (8.4.18)
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K J(t) Name of current Eqn
d . .
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FIG. 9.5. Velocity autocorrelation function (a) and the associated power spectrum (b) of a
model of liquid rubidium. The points are molecular dynamics results (Rahman, 1974b), the
full curves correspond to the theory of Gaskell and Miller (1978a) (see Eqn (9.5.9)) and the
dashed curve in (b) is calculated from the theory of Bosse et al. (1978d) (see Eqns (9.5.16)).
The low-frequency peak in Z(w) arises from the coupling to the transverse current and the
shoulder at higher frequencies comes from the coupling to the longitudinal current.
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F1G. 9.7. Velocity autocorrelation function and the associated memory function (inset) of the
Lennard-Jones fluid near the triple point. The points are molecular dynamics results of Levesque
and Verlet (1970), and the curves are calculated from the kinetic theory of Sjégren (1‘9300)
before (full lines) and after (dashed lines) modification of the binary-collision term in the
memory function (see text). The unit of time is the quantity 7, defined by Eqn (3.3.5). After

Sjogren (1980a).



